Crystals seldom form spontaneously within tissues of mammals, except in the urinary tract or in association with eosinophil-rich diseases in humans (Charcot-Leyden crystals). Endogenously formed eosinophilic crystals have been reported in respiratory tract and other tissues of several strains of mice, but the biochemical characterization of these crystals has not been reported. In this study, eosinophilic crystal formation was examined in homozygous C57BL/6J viable motheaten mice, lung-specific surfactant apoprotein C promoter/soluble human tumor necrosis factor p75 receptor type II fusion protein transgenic mice (C57BL/6NTac ؋ Sv/129), and CD40L-deficient mice with spontaneous Pneumocystis carinii infection. In viable motheaten but not wild type mice, rapidly developing crystals represented a major feature of the fatal lung injury induced by macrophage dysregulation. Conversely, eosinophilic crystals did not form until 4 -8 months of age in transgenic and CD40L-deficient mice and were present in 10 -30% of agematched wild type controls. Mass spectrometry analysis of proteins from bronchoalveolar lavage fluid identified the crystals as Ym1, sometimes referred to as T-lymphocyte-derived eosinophil chemotactic factor. The Ym1 sequence was homologous to chitinase, and enzymatic assays indicated a 3-5-fold increase in chitinase activity compared with control mice. Intracellular and extracellular crystals associated with epithelial damage suggested that the crystals may contribute to lung inflammation through mechanical damage and enzymatic degradation.
As early as 1905 (1) , eosinophilic crystals were reported microscopically in the respiratory tract (lung and trachea), the biliary tree (gall bladder and liver), and other tissues of C57BL/6, Swiss Webster, and related strains of mice (2) (3) (4) (5) (6) (7) . Unstained crystals are colorless, but their positive charge attracts eosin, and the crystals are brightly eosinophilic (acidophilic) in tissue sections histochemically stained with a standard hematoxylin and eosin protocol. The sharply angular eosinophilic crystals are of variable size and shape and are generally found in the cytoplasm of macrophages and multinucleated giant cells and extracellular within tissue lumina (7) . In the most severe form within the lung, eosinophilic crystals have been called acidophilic macrophage pneumonia of mice (8) .
In mice, eosinophilic crystals are often considered to be histologically identical to the Charcot-Leyden crystals in humans.
Charcot-Leyden crystals form in association with eosinophilrich inflammation of the lung and other tissues and are an autocrystallizing protein (lysophospholipase) of eosinophils and basophils related to carbohydrate-binding galectins (9) . But unlike Charcot-Leyden crystals, eosinophilic crystals in mice are reported over a broader range of diseases without excess eosinophils, and the causative protein has not been identified. Formation of eosinophilic crystals in mice is enhanced in spontaneous diseases, such as lung tumors (3) , and Pneumocystis carinii infections in deletional mutants (7) ; in the lungs of experimentally manipulated mice, such as models of eosinophilia (asthma and parasites), inhalation toxicity studies (particulates and tobacco smoke) (8) ; and in genetically altered mice, particularly those generated on a C57BL/6 or Sv/129 background (7, 10 -12) .
In this study, crystals from three variants and two commercial sources of the C57BL/6 mouse were analyzed. Viable motheaten mice (me v /me v ), 1 a spontaneous mutation of C57BL/6J (Jackson Laboratories) mice, are deficient in SHP-1 proteintyrosine phosphatase activity with resulting broad hematopoietic and immunological dysregulation including hyperactivity of alveolar macrophages (13, 14) . Progressive and fatal pulmonary injury in these mice includes consistent formation of intrapulmonary eosinophilic crystals that can be retrieved by bronchoalveolar lavage (BAL). CD40L-deficient mice (15, 16) and lung-specific transgenic mice with soluble human tumor necrosis factor receptor p75 (type II) inserted under the control of the surfactant apoprotein C promoter (SPCTNFRIIFc) (17) were also utilized because eosinophilic crystals were observed consistently in the lungs, in an age-dependent fashion.
We have purified eosinophilic crystals from BAL fluids of me v /me v mice and identified the protein as Ym1 or T-lymphocyte-derived eosinophil chemotactic factor (ECF-L) through peptide sequencing by nanoelectrospray tandem mass spectrometry. We report here the histopathological examination, identification, and characterization of murine eosinophilic crystals and report that they are morphologically similar, but not biochemically identical, to Charcot-Leyden crystals in humans.
EXPERIMENTAL PROCEDURES
Mice-The C57BL/6J viable motheaten mice were initially obtained from Jackson Laboratories (Bar Harbor, ME) and propagated by heterozygous mating. Control animals included ϩ/ϩ and me v /ϩ littermates, and sex-and age-matched C57BL/6NTac or BALB/c mice (Taconic, Germantown, NY). The SPCTNFRIIFc transgenic mice (C57BL/ 6NTac ϫ Sv/129) secrete soluble human tumor necrosis factor receptor p75 under the control of the surfactant apoprotein C promotor (17) and were paired with littermates or age-matched control mice (gift of Drs. C. * The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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Wilson and S. Smith, University of Washington). Heterozygote matings were used to generate additional mice to backcross 4 -5 generations onto C57BL/6NTac mice. Lung tissue was also examined from an in-house colony of C57BL/6J ϫ Sv/129 and C57BL/6 mice with a targeted deletion of CD40L that results in spontaneous P. carinii infection (15) . All mice were housed in microisolator units and fed rodent chow and water ad libitum, and the colony was routinely monitored for murine pathogens.
Isolation of Eosinophilic Crystals-At 6 -10 weeks (me v /me v ) or 16 -88 weeks (SPCTNFRIIFc) of age, mice were humanely killed by CO 2 and exsanguinated through the abdominal vena cava. The trachea was exposed by a midline incision and cannulated with an infusion set (21 g, 3 ⁄4 in; Becton Dickinson, Franklin Lakes, NJ). The lungs were lavaged with 1-3 ml of sterile Hanks' balanced salt solution delivered by one or more tuberculin syringes. The cellularity of the 1-2 ml of recovered BAL was evaluated by examination of cytospin preparations stained with Diff-quik ® stain (Dade Diagnostics, Inc., Aguada, PR). The entire lung was collected into 10% neutral buffered formalin or Fekete's formol-acetic alcohol, processed, embedded in paraffin, and cut at 5 m, and sections were stained by hematoxylin and eosin stain.
To purify the crystals, 3 ml of BAL fluid from me v /me v mice were mixed with 6 ml of diatrizoate-Ficoll (Isolymph ® , Gallard-Schlesinger Industries, Inc., Carle Place, NY) and centrifuged at 250 ϫ G for 10 min at 4°C. The supernatant and most of the diatrizoate-Ficoll layer were removed by aspiration. The remaining ϳ0.2 ml of diatrizoate-Ficoll from the bottom of the tube, which contained the crystals, were resuspended in 2.8 ml of PBS and 6 ml of diatrizoate-Ficoll, and the precipitation was repeated. The above PBS wash/diatrizoate-Ficoll precipitation step was repeated five more times. The final ϳ0.2 ml of crystalcontaining diatrizoate-Ficoll was resuspended in 2 ml of PBS and centrifuged at 200 ϫ g for 5 min at 4°C, and the bottom ϳ0.2 ml of PBS plus crystals was preserved. Microscopically, a few cell contaminants were observed with the purified crystals. After removing the residual cell contaminants under a microscope using a small gel loading tip, the purified crystals were solubilized by boiling in SDS-PAGE sample buffer for 10 min, and the protein components were identified by SDS-PAGE and mass spectrometry analysis.
SDS-PAGE and In-gel Trypsin Digestion-SDS-polyacrylamide gel electrophoresis was performed under reducing conditions using Trisglycine 4 -20% gradient gels (Novex, San Diego, CA). Protein bands were detected by staining with Colloidal Blue (Novex), excised from the SDS-PAGE gel, and destained by washing with mixtures of 200 mM NH 4 HCO 3 /acetonitrile (1:1). Proteins were reduced with dithiothreitol, alkylated with iodoacetamide, and digested with trypsin (Promega, Madison, WI) as described (18) . Tryptic peptides were concentrated and desalted with approximately 150 nl of POROS R2 sorbent (Perseptive Biosystems, Framingham, MA) before mass spectrometric analysis.
Mass Spectrometry Methods-Mass spectrometry analysis of tryptic peptides was performed on a Finnigan LCQ ion trap instrument (Finnigan, San Jose, CA). Ionization was achieved with a home-built nanoflow electrospray source (19) . The nanospray tips were purchased from Protana (Denmark). A search of a nonredundant protein sequence data base with the collision-induced dissociation mass spectra was performed using the SEQUEST TM data base search program (20) , and matches were verified using a de novo sequence interpretation program (Lutefisk 97) (21) .
Enzyme Assays-The chitinase activity of BAL was assayed with the fluorogenic substrates 4-methylumbelliferyl (4-MU) N-acetyl-␤-D-glucosaminide, 4-MU ␤-D-N,NЈ-diacetylchitobioside, and 4-MU ␤-D-N,NЈ,NЉ-triacetylchitotrioside (all from Sigma). Assays were performed as described with minor modifications (22) . Briefly, BAL fluid was incubated with a substrate in citrate/phosphate buffer (0.1 M/0.2 M), pH 5.2, at a concentration of 0.02 M. After incubation at 37°C for 15 min, the reaction (final volume, 110 l) was stopped with 1 ml of 0.3 M glycine/NaOH buffer, pH 10.6, and the fluorescent 4-methylumbelliferone released was measured with a fluorimeter (excitation, 350 nm; emission, 450 nm). A 4-methylumbelliferone (Sigma) standard curve was generated and used to quantify the enzyme activity. Protein concentrations were determined using the Pierce micro-BCA protein assay kit. Chitotriosidase activity was also assayed after gel electrophoresis. Nonreducing SDS-PAGE (with 4 -20% Novex gradient gels) were used to separate BAL protein components. After electrophoresis, the gel was soaked in 25% (v/v) isopropyl alcohol for 15 min, followed by rehydration in water for 20 min. Five milliliters of 4-MU-␤-D-N,NЈ, NЉ-triacetylchitotrioside in citrate/phosphate buffer (0.1 M/0.2 M, pH 5.2) at 0.2 mg/ml was added to the gel and incubated at 25°C for 15 min. The enzymatic reactions were stopped with 1 ml of 0.3 M glycine, pH 10.6, and the activities were detected as fluorescent bands under UV light. After the in-gel enzyme assay, the gel was stained with Colloidal Coomassie (Novex).
RESULTS
Tissue Characterization of Eosinophilic Crystals-Eosinophilic crystals were identified in varying numbers, sizes, and shapes within the cytoplasm of alveolar macrophages and multinucleate giant cells and free within alveolar spaces in the lungs of me v /me v (Fig. 1A) , SPCTNFRIIFc transgenic (Fig. 1B ) and wild type litter mate control mice, CD40L-deficient mice (Fig. 1C) , and occasionally in older C57BL/6 control mice. In younger mice, eosinophilic crystals were only found intracellularly in activated alveolar macrophages and often in isolated scattered intra-alveolar clusters in one or two lung lobes. Intracellular and extracellular crystals were found in moribund me v /me v mice by 5-8 weeks of age and in the SPCTNFRIIFc mice by 32 weeks of age. As the transgenic mice aged, diffuse involvement of all five lung lobes was normal, whereas agematched control mice seldom had more than a few foci within several lung lobes.
In the tissue sections, many intracellular crystals appeared to be fine spicules, which were found to correspond to stacks of flat, 10-m 2 crystals identified in the BAL cytospin. Crystals between 20 and 120 m in length were also identified in BAL cytospin (Fig. 1D) as multifaceted (8 -10 sides) and in tissue sections as extracellular. Large crystals were found in association with degeneration and hyperplasia of respiratory epithelium and mixed cellular inflammation, particularly in the SPCTNFRIIFc mice. In the me v /me v mice, the inherent progressive lung injury consisted of numerous infiltrating neutrophils, lymphocytes, and eosinophils, along with hemorrhage that generally proved fatal by 10 weeks of age. In the original line of SPCTNFRIIFc mice, eosinophilic crystals and lung pathology (Fig. 1B) was consistently identified only in mice older than 24 weeks of age, with some mortality after 48 weeks of age. With advancing age, the frequency and size of crystals, mixed inflammation, and mechanical injury induced by the crystals increased dramatically. Littermate controls were also found to have eosinophilic crystals but at a much lower frequency and generally only as intracellular crystals. Subsequently, SPCTNFRIIFc mice backcrossed onto C57BL/6Ntac mice (4 -5 generations) were less frequently affected, had fewer lung lobes involved, and had less lung injury (epithelial hyperplasia and inflammation) than found in the original line (C57BL/6NTac ϫ Sv/129). CD40L-deficient mice consistently developed spontaneous P. carinii infection typified by foamy alveolar material and proliferation of fungus-laden macrophages and multinucleated giant cells. Eosinophilic crystals were rarely found early in the disease but were an obvious intracellular and extracellular component in most moribund mice. Except for P. carinii in CD40L-deficient mice, all mice were determined to be free of other spontaneous murine pathogens or other confounding diseases that might alter the frequency of pulmonary damage and eosinophilic crystal formation.
Biochemical Characterization of Eosinophilic Crystals-SDS-PAGE gels were used to separate the BAL fluid protein components. Several additional protein bands were observed in lanes loaded with me v /me v BAL fluids compared with the control BAL fluid ( Fig. 2A) . Protein bands from me v /me v BAL were excised and were identified through in-gel trypsin digest and mass spectrometry sequencing of tryptic peptides. Proteins identified as BAL components of me v /me v mice include transferrin, serum albumin, Ym1, actin, ferritin light chain, and hemoglobin ( Fig. 2A) .
Through repeated Ficoll precipitation/PBS washing procedures, eosinophilic crystals were further purified. By SDS-PAGE, a single protein band with apparent molecular mass of ϳ40 kDa was observed ( Fig. 2A) . Using mass spectrometry, sequences of 11 tryptic peptides from this protein band were obtained and shown to encompass 125 amino acids of the Ym1 sequence (Table I) . Besides peptides from Ym1, autolysis products of trypsin were the only other peptides found in the sample. Therefore, Ym1 was identified as the sole protein component of the eosinophilic crystal. The ϳ40-kDa protein band from the unpurified me v /me v BAL contained two proteins, Ym1 and actin ( Fig. 2A) , whereas a ϳ40-kDa protein band from the control BAL was shown to only contain actin ( Fig. 2A) (Fig. 2A) . Unlike the 40-kDa Ym1, these bands were not present in the purified crystals ( Fig. 2A) , thus indicating that degraded Ym1 is not a component of the crystal.
FIG. 2. Identification of eosinophilic crystals as Ym1. A, SDS-PAGE analysis comparing crude BAL from either me
v /me v or control mice with purified crystals. Protein bands identified by mass spectrometry were transferrin (1), serum albumin (2), Ym1 and actin (3), Ym1 (4, 5, and 6), ferritin light chain (7), hemoglobin (8) , and actin (9) . The protein band from the purified crystals was identified as Ym1 (see also  Table I ). B, collision-induced dissociation mass spectrum obtained on the (M ϩ 2H) 2ϩ ions at m/z 861.2, which was identified as a tryptic peptide FGPAPFSAM*VSTPQNR (where M* represents methionine sulfoxide) from Ym1. The fragment ion assignments use the Biemann nomenclature (27); calculated nominal masses for each ion are shown, and ions observed in the spectrum are underlined. y 12 ϩ2 indicates a doubly charged y 12 ion. The Ym1 Sequence-The Ym1 cDNA sequence, which encodes a 399-amino acid secreted protein transiently expressed by activated murine peritoneal macrophages, was submitted directly to the GenBank TM data base (accession no. M94584) in 1992. Later on, a second cDNA called ECF-L with a somewhat different sequence from Ym1 was also deposited with the data base (GenBank TM accession no. D87757). Comparing the Ym1 and ECF-L sequences, several minor differences exist in the cDNA sequences. Of the Ym1 tryptic peptides sequenced in this study (Table I) , we identified a 16-amino acid peptide, FG-PAPFSAMVSTPQNR (Fig. 2B) , which indicated that nucleotides 328 -330 encode a proline (as in Ym1) rather than serine (as in ECF-L) (codon ccg instead of tcg; GenBank TM accession no. M94584). Another tryptic peptide obtained from me v /me v BAL, IPELSQSLDYIQVMTYDLHDPK (data not shown), was consistent with the 9-amino acid sequence between nucleotides 595 and 624 given in the ECF-L sequence, but due to a reading frameshift in the Ym1 cDNA, a different 9-amino acid sequence was predicted. In addition, the sequence of a nontryptic peptide (YQLMCYYTSWAK) ( Table I ) revealed the N terminus of the Ym1 protein after the secretion signal was removed. Sequence homology searches indicated that Ym1 belongs to a family of mammalian proteins that resemble bacterial and plant chitinases. Chitin is a linear polymer of ␤-1,4-N-acetyl-D-glucosamine, and chitinase breaks down the ␤-1,4 linkage between the carbohydrate monomers. Furthermore, protein sequence regions that are required for the biological activities of bacterial chitinases (23) were found to be conserved in Ym1.
Ym-1 and Enzymatic Activity-Since Ym1 has extensive homology with chitinase, the enzymatic activity of BAL fluid from me v /me v mice to hydrolyze an artificial chitotrioside substrate (chitotriosidase activity) was assayed. Compared with control BAL fluids, me v /me v BAL fluids had 3-5-fold increases in chitotriosidase activities (Fig. 3A) . The detection of chitotriosidase activity after gel electrophoresis demonstrated that the enzymatic activity in BAL co-localized with the Ym1 protein (Fig.  3B) . When the purified eosinophilic crystals were solubilized in the SDS-PAGE sample buffer, the enzymatic activities were also detected by the in-gel chitotriosidase assay (data not shown). Although the possibility cannot be ruled out completely that the enzymatic activities in the BAL from me v /me v mice were due to trace amount of unknown enzyme contaminants at this time, our data indicated that Ym1 is probably the protein component in the BAL that contributes to the chitotriosidase activity.
Further enzymatic assays were performed using 4-MU N-acetyl-␣-D-glucosaminide, 4-MU N-acetyl-␤-D-glucosaminide, or 4-MU ␤-D-N,NЈ-diacetylchitobioside as substrate (Fig.  3B ). These data indicated that the glycosylhydrolase activity in BAL of me v /me v mice only cleaves the ␤-D-linkage of N-acetyl glucosamine, not the ␣-D-linkage.
DISCUSSION
Eosinophilic crystals are seldom observed in the absence of preexisting pulmonary disease that induces inflammation or activation of endogenous alveolar macrophages. Our studies indicate that macrophages are the minimum and in some cases the only cell found in association with eosinophilic crystal formation. Other investigators have suggested that these eosinophilic crystals in the mouse lung may represent phagocytosed eosinophilic proteins (8) . However, even in the presence of active inflammation with eosinophils, macrophages or multinucleated giant cells containing crystals are proportionally the most frequent cell type observed in mice. The possibility that previously infiltrated eosinophils have been phagocytosed cannot be completely eliminated, but the disproportionately low number of eosinophils in the face of active disease with large numbers of crystals would also suggest that the protein base for the crystals is not the eosinophil. Eosinophilic crystals have been described as an integral part of the eosinophilic infiltration and dependent on interleukin-5 in Cryptococcus neoformans infection on a C57BL/6 background. However, the investigators used BALB/c mice as controls, a mouse that does not appear to form eosinophilic crystals (24) . Furthermore, interleukin-5-deficient mice lack a significant eosinophilia in response to Toxocara canis infestation in C57BL/6 mice yet have eosinophilic crystals at a similar level to wild type C57BL/6 mice (25). With the increasing use of deletional mutant and transgenic mice, eosinophilic crystals are being identified, sometimes erroneously, as part of the phenotype of the gene deletion or overexpression itself, particularly when lung-specific expression is used or pulmonary injury is present. Experimental manipulation of genetically altered mice may also enhance crystal formation. Cryptogenic background lesions that occur sporadically are age-dependent and can be enhanced in young animals under experimental manipulations need to be considered in evaluating pulmonary findings in mice. It is probably not coincidental that in addition to eosinophilic crystals, C57BL/6 mice also develop alveolar histiocytosis, a proliferation of alveolar macrophages that may also contain a few intracytoplasmic eosinophilic crystals (26) . Eosinophilic crystals in SPCTNFRIIFc mice are an example of cryptogenic enhancement of eosinophilic crystal formation in C57BL/6 mice. Other mechanisms for the enhancement of eosinophilic crystals include modification of a genetic factor from Sv/129 mice, because our backcrossed C57BL/6 line had a much lower frequency of crystals. Mice with similar severity of crystal formation secrete different levels of human TNFRII into BAL and serum, and mice transgenic for TNF under the SPC promotor also have crystals (10) , indicating that manipulation of cytokines and their receptors are probably not directly involved. Furthermore, mice transgenic for interleukin-13 inserted under a Clara cell promotor also exhibit an age-dependent formation of crystals predominately in one but not both lines generated (28) . If interleukin-13 induced an eosinophilia that provided a protein of eosinophil origin, then both lines would be expected to produce crystals. Reports of eosinophilic crystals in some but not all genetically altered mice with manipulation of either the surfactant C and Clara cell promotors would argue against a direct effect of the promotors. An indirect insertional event in the different transgenic lines could be the modifier that explains differing results between lines and promotors. Furthermore, eosinophilic crystals are not specific to transgenic mice. Mice with immunodeficiencies that result from targeted deletions such as CD40L and T cell receptors ␣ and ␤ develop crystals subsequent to P. carinii infection, and crystals are found in older severe combined immunodeficient mice (scid/ scid) and in aged immunocompetent mice in our colonies (29) . Age, spontaneous infections, and experimental manipulation modulate eosinophilic crystal formation in the lungs of mice. Therefore, mice that are unable to respond appropriately to opportunistic infections or environmental antigens and the age-dependent acquisition of crystals in other mice indicate that eosinophilic crystals are a secondary phenomenon of lung pathology in certain strains of mice. Care must be taken in ascribing a pulmonary phenotype to genetically altered mice. Eosinophilic crystals in the lungs of mice should be considered to be a confounding lesion rather than a primary phenotype until proven otherwise.
A recent study of the genomic structure of Ym1 gene revealed that several genes named Ym2, Ym3, and Ym4, which are highly homologous to Ym1, are clustered at the Ym1 locus. Expression of these genes is localized in different tissues, and their functions are unknown in the mouse (30) . We have observed that the primary site of eosinophilic crystal accumulation is within the respiratory tract of mice. This site is consistent with Ym1 gene expression (30) .
Ym1 is also known as ECF-L, a T-lymphocyte-derived eosinophil chemotactic factor. The production of ECF-L was associated with the eosinophil-rich granuloma formation in mice infected with Schistosoma japonicum or T. canis (31, 32) . Chitin is not a normal component of mammalian tissue but occurs in other organisms including parasites, fungi, and bacteria. Therefore, since Ym1 has homology to chitinases and we have shown in vitro chitinase activity associated with Ym1, an anti-chitin activity against parasites may play a role in eosinophil chemotactic activity during parasitic infestations. We also routinely see eosinophilic crystal formation secondary to P. carinii fungal infections in mice (29) , further suggesting that anti-chitin activity by Ym1 may be part of the normal host defense mechanism against chitin-bearing microorganisms.
Ym1 may also have biological functions that are not related to eosinophil chemotactic activity. Other proteins in the mammalian chitinase-like protein family include a human chitotriosidase that is elevated in the serum of patients with Gaucher's disease (22) and two secreted glycoproteins of cultured human chondrocytes (YKL-39 and YKL-40) (33, 34) , one of which (YKL-40) is elevated in joints of patients with rheumatoid arthritis (34) . Polysaccharides with similar structure form various glycosaminoglycans that are abundant in the extracellular compartment. Could Ym1 and related proteins be involved in binding extracellular polysaccharide and/or in degradation of glycosaminoglycans?
One of the other overproduced proteins that we found in the BAL of me v /me v mice was transferrin. Transferrin was not considered to be a component of the eosinophilic crystal because it was not enriched in partially purified crystals ( Fig.  2A) . In a previous study, a protein closely related to transferrin, lactoferrin, was found to co-localize and co-mobilize with another chitinase, YKL-40, found in granules of human neutrophils (35) . Transferrin and lactoferrin are iron-binding proteins that are nonspecifically increased during the acute phase reaction of infections. Therefore, it would not be unexpected to find chitinase-like proteins in association with the overproduction of such acute phase reactants, particularly in the context of pulmonary injury of the me v /me v mice. Alveolar macrophages from pulmonary interstitial disease have increased hydrolytic enzymatic activity including ␤-D-N-acetyl glucosaminidase (36) . The progressive lung disease in me v /me v mice is similar to that observed in patients with chronic interstitial lung disease; therefore, proliferating alveolar macrophages may be a source of enzymatically active Ym1 in mice.
Why and under what conditions do crystals form? What are the biological functions of Ym1? Is Ym1 production regulated by cytokines? Are the eosinophilic crystals in the biliary tree and other tissues of mice also Ym1? These are some of the questions that remain for further study. Since eosinophilic crystals are usually found at the site of pulmonary inflammation involving macrophages, further studies of the biological activity of Ym1 in mice may reveal new therapeutic avenues.
